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Cryogenic Fluid Management Workshop 
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ABSTRACT 


SAMSS is a combined NASA/DOD/SDIO effort to define and verify the most cost 
effective approach to spacecraft servicing, as an alternative to replacement, 
in the 1990's and beyond. The intent of the study is to asuess the servicing 
of satellites in all orbit regimes. Elements of a space servicing infra- 
structure are developed and cost estimations are generated. In the latter 
stages of the study technology readiness is assessed and proof of concept 
demonstrations are identified. Products of the study will offer spacecraft 
program offices various options for their consideration in extending the 
lifetime of space systems. Fluid resupply is one portion of the servicing 
aspect of the study and includes cryogenic fluid resupply. Within this 
area cryogenic propellants for orbital transfer vehicles are seen as the 
most significant driver for the 2000 epoch. 
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SAMSS Introduction 


SAMSS objective 

Determine and demonstrate the most cost-effective approach to enable 
servicing, assembly, and maintenance of spacecraft in all orbit regimes 

SAMSS roots 

• 1983 DOD policy for servicing spacecraft 

• Skylab demonstrated that man can do good work in space 

• Every manned spaceflight (U S. and USSR.) has seen the crew 
involved in repairs, adjustments, and changes 

• The advent of NASA/DOD high-value satellites 

• A need to do something to reduce the cost of space operations 

SAMSS Programmatics 


SAMSS is a joint AFSD/SDIO/NASA effort 


Project monitor 

Capt. Joseph Wong, Air Force Space Division, Plans and 
Advanced Programs 


Length of study 

28 February 1986 to 12 June 1987 


Contractors 

TRW 

Grumman Space Systems 
McDonnell Douglas Astronautics 
Bon; Allen and Hamilton 
Advanced Technology, Inc. 


Lockheed 
Boeing Aerospace 
Honeywell 

Illinois Institute of Technology 

Uarnegie-Mellon 

Life Support Systems 
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The specific design reference missions (DRM’s) have been grouped here to highlight orbital 
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ASSEMBLY IN GEO, LARGE SINGLE S/C, MANNED ASSEMBLY FAC, 
CREW/ ROBOTIC COMBO 
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SAMS INFRASTRUCTURE (circa 2010) 



CRYO 

facility 






CONCEPTUAL ORBITAL "WAREHOUSE” 
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MAN TENDED ASSEMBLY, MAINTENANCE, AND SERVICING STATION 
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STANDARDIZED ORU MOUNTS IN STANDARDIZED ORU RECEPTACLE 
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Standardized ORU Mounts 

in Standardized ORU Receptacle 





Typical Cryo Fluid Servicing Elements 


Common fluids 

L!\l2, L 02 . LH2. SFHe, SCH2. SCO2. SCHe 

Special purpose fluids 

LD2. LF2. LNF3, LHe 
SAMS elements 

Launch vehicles, autonomous and manned transfer vehicles. Space 
Station, coorbital warehouses, cryo-depots 

Cryo subsystem elements 

Storage tanks, refrigerator plants, radiator farms, transportation, 
transfers, servicing enclosures, and telerobotic operations 

Cryo element serviceable components 

Pumps, valves, pressurants, manifolds, fluid disconnects, 
instrumentation and gauging, cryo-coolers, heat exchangers, vent 
controls, insulations, catalytic converters, and transfer lines 

SAMSS Cryo Servicing Examples 


Solid cryogen exchange 
Liquid cryogen telescope resupply 
Cold-sensor exchange/upgrade 
MLI, radiator maintenance 
Cryo refrigerator maintenance 
Cold-optics cleaning/exchange 
SDI reactant maintenance 
SDI burst-power platform maintenance 
Storage depot maintenance 
Servicing hay contamination control 
ROTV propellant resupply 


expended s.t.s. tanks can be adapted to 
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Expended S.T.S. Tanks Can Be Adapted to 
Orbital Cryogenics Propellant Storage 
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TANK ASSEMBLY SPUN TO FACILITATE VENTING AND PROPELLANT PUMPING 


CRYO FACILITY CHARGES 
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Liquid oxygen — none 
Liquid nitrogen — none 
Supercritical fluids — none 



SPEAKER: WILLIAM W. BURT /TRW SPACE AND TECHNOLOGY GROUP 
E. Patrick Symons/Lewis Research Center: 

I had a question on your chart that had to do with resupply and maintenance. 
When you talk about maintenance of SDI reactants are they talking about 
resupply of those systems with fluids or are they talking about change out of 
reactant tanks or can’t you say? 

Burt: 

I can say that the fifteen year interval is primarily for propellant resupply for 
station keeping and in the event of cryogen blow-off, for resupply of cryogen. 
For the systems that would have nuclear power, you would perhaps have a 
resupply of the nuclear power source and one of the issues is providing a kick 
stage or some other means of getting rid of the old nuclear power source. 


137 



